Objective: To investigate whether underlying medical conditions contribute to the fatigue and high incidence of infections that can occur during repeated intense training. Method: Forty one competitive athletes (22 male, 19 female) with persistent fatigue and/or recurrent infections associated with performance decrements had a thorough medical examination and a series of clinical investigations to identify potential medical causes. Results: Conditions with the potential to cause fatigue and/or recurrent infections were identified in 68% of the athletes. The most common were partial humoral immune deficiency (28%) and unresolved viral infections (27%). Non-fasting hypoglycaemia was common (28%). Other conditions included allergic disease (15%), new or poorly controlled asthma (13%), upper airway dysfunction (5%), sleep disorders (15%), iron depletion (3%), and one case of a thyroid disorder. A positive antinuclear antibody was detected in 21% of the athletes, without any clinical evidence of autoimmune disorders. Evidence of Epstein-Barr virus reactivation was detected in 22% of the athletes tested. Conclusions: Athletes with recurrent infections, fatigue, and associated poor performance may benefit from a thorough investigation of potentially reversible underlying medical conditions, especially when these conditions cause disruption to training and competition. Unresolved viral infections are not routinely assessed in elite athletes, but it may be worth considering in those experiencing fatigue and performing poorly.
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E
lite athletes often present with persisting fatigue and recurrent infections. Training loads and excessive competition may contribute to these symptoms, but, if they do not resolve with adequate rest, clinical investigation is warranted. It may be difficult to differentiate between ''healthy'' tiredness related to training at an elite level and fatigue of a pathological nature. Fatigue in an athlete may be considered pathological if it is not reversed by a period of rest or decreased training and is accompanied by a decrease in performance. 1 Elite athletes with recurrent infections may also present with associated fatigue, or the fatigue may depend on other factors.
A recent study at the Australian Institute of Sport retrospectively assessed the incidence of upper respiratory tract infections (URTI) in elite swimmers; the conclusion was that the incidence was no higher than in the general Australian population. 2 However, four or more episodes of URTI a year are generally considered a higher incidence than normal for the Australian population 3 and worthy of clinical assessment. This is especially important in athletes when these infections cause disruption to training and this leads to suboptimal performance or an inability to compete. 4 The causes of fatigue, recurrent infections, and possible associated immunosuppression are extensive and are the same in athletes and the general population (table 1) . Some conditions are more common in athletes, such as viral illness and iron deficiency, but consideration must be given to other less common critical diagnoses to ensure they are not missed, such as diabetes, cardiac problems, and malignant disease. Psychosocial factors should also be considered.
In this study, 41 competitive athletes complaining of persistent fatigue and/or recurrent infections had a thorough medical examination and a series of clinical investigations to exclude the possibility of underlying sinister pathology and to identify causes for their fatigue and susceptibility to infection. An emphasis was placed on causes of URTI, as these are the major cause of infections in elite athletes. [5] [6] [7] Recent studies have indicated that reactivation of nonprimary Epstein-Barr virus (EBV) is a common cause of oropharyngitis in young adults 8 and may be associated with the symptoms of URTI in competitive athletes. 9 New tests for EBV reactivation 9 10 were therefore included in the clinical investigation.
METHODS
The human ethics committees of the University of Newcastle and the Hunter Area Health Service approved the study protocol. All subjects gave written informed consent to the study investigations.
Subjects
The 41 subjects (22 male, 19 female) were recruited from competitive athletes who presented to the Hunter Performance Clinic complaining of fatigue and/or recurrent infections. The Hunter Performance Clinic is an outpatient clinic of a tertiary referral hospital and was established to provide specialised medical care to athletes with persistent fatigue or recurrent infections. Athletes are referred to the clinic by their general practitioner or sports medicine doctor. The age range of the subjects was 12-56 years (median (SD) 21 (9)). Subjects were classified according to the type of sport and the level of competition at which they performed before becoming ill (table 2). They were specifically asked if their performance was affected by their illness. The type of sport was defined as endurance, strength, or mixed. The level of competition was classified as regional, state, national, or international. 
Fatigue level
The degree of fatigue was assessed by a subjective visual analogue rating scale. Subjects were asked to indicate their degree of tiredness at rest and after exercise on a scale of 1 (profound, could not train) to 5 (absent, no fatigue). The duration of symptoms of fatigue was also recorded.
Infectious episodes
Twenty two athletes (54%) presented to the clinic with a history of recurrent URTI. Fifteen of these (68%) also had associated fatigue. The number of URTIs in the previous 12 months was recorded. Confirmation of the incidence and nature of the URTIs was obtained from medical records where available. Medical records were not available for four subjects, and the incidence was by subject recall, with extensive questioning to confirm the accuracy of the recall.
Clinical investigations
Subjects provided an extensive medical history and had a thorough medical examination to establish if there were any underlying medical conditions. Saliva and blood samples were referred to the Hunter Area Pathology Service. Reference ranges appropriate for elite athletes were used to assess pathology test results.
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Pathology investigations included a full blood count, erythrocyte sedimentation rate, iron studies (including total iron, total iron binding capacity, ferritin), and vitamin B12 and folate measurements. A full biochemical profile included glucose concentration, creatine kinase activity, and renal, liver and thyroid function tests. A screen of infectious disease included serology for hepatitis A, B, and C, toxoplasmosis, cytomegalovirus, EBV, and Ross River virus. EBV reactivation was also assessed by detection of EBV DNA in saliva. 9 Humoral immune status was assessed by measuring serum immunoglobulins, including IgG subclasses, and salivary immunoglobulins. Cellular immune status was not assessed. An antinuclear antibody (ANA) test was performed as an autoimmune screen, and followed up with other specific autoimmune serology if indicated, including extractable nuclear antigen, double stranded DNA, and complement levels. Allergy was assessed clinically and by measurement of total IgE levels and IgE specific aeroallergens to animal-epithelial mix, pollen mix, house dust mix, and mould mix.
Diagnostic investigations were also performed for sleep disorders, muscle dysfunction, cardiovascular disease, and respiratory dysfunction if clinically indicated. Patients were referred to a psychologist or dietician for assessment and advice if required. Appropriate specialist referral was organised where clinically indicated for subjects with evidence of autoimmunity or abnormal cardiac or respiratory function tests.
RESULTS
Most of the subjects (35/41) competed in endurance sports; none competed in a solely strength sport. The remainder competed in mixed endurance/strength sports (table 2). All were competing at the level of regional competition or above at the time of recruitment into the study or immediately before the decline in their clinical condition.
Fatigue
Fatigue was reported in 30/35 (86%) of the athletes who were assessed on a fatigue scale. Three of these complained of severe fatigue. The mean degree of fatigue experienced was 3 on the subjective rating scale of 1-5. The period of fatigue experienced by subjects before presenting to the clinic was 0.5-84 months (median 10).
Infections
The number of infections during the previous 12 months ranged from none to 28. In the 22/41 athletes experiencing recurrent infections (55%), the mean number of episodes over the previous year was 13 (range 4-28). Most infections were described as URTI. Three of the athletes had a history of recurrent sinusitis and two of recent pneumonia that had been successfully treated by their general practitioner. One subject had recurrent onychomycosis of fungal origin. Fifteen of the 22 subjects (68%) who reported infections had associated fatigue; the remaining seven had no associated fatigue.
Clinical investigations
Evidence of at least one organic condition with the potential to cause fatigue and/or recurrent infections was identified in The most common condition identified in this group was partial humoral immune deficiency (11/40, 28%). Most of these athletes (10/11) had an IgG3 subclass deficiency. One athlete had a partial serum IgA deficiency. Another commonly identified organic condition was recent or unresolved viral infection (11/41, 27%). Evidence of IgM seropositivity was found for cytomegalovirus (five cases), EBV (three cases), Ross River virus (one case), toxoplasmosis (one case), and mycoplasma (one case). Eight of the 37 subjects tested (22%) were found to have evidence of EBV viral shedding in their saliva at the time of investigation, indicating EBV reactivation.
Low non-fasting serum glucose levels were found in 10/36 (28%) athletes at the time of assessment. Blood tests were performed randomly without taking into consideration recent exercise or glucose intake. Thyroid dysfunction was noted in one female athlete, and this was not associated with amenorrhoea, which is a common cause of thyroid disorders in female athletes. 12 The thyroid dysfunction consisted of slightly raised thyroid stimulating hormone and low thyroxine with high to normal tri-iodothyronine, in conjunction with a family history of thyroid disease. One athlete had a low serum ferritin concentration suggestive of iron deficiency anaemia.
Evidence of an allergic disease was found in six athletes (15%). All six had symptoms of allergic rhinitis, and four also had asthma. Three had raised total IgE concentrations at the time of testing, and all six had raised concentrations of IgE specific aeroallergens (house dust mite, 6/6; pollen, 4/6; animal/epithelial mix, 3/6; mould, 4/6). Skin prick testing was not performed.
Positive ANAs were detected in eight of 39 athletes (21%), with titres of 1:40 (1), 1:80 (4), 1:160 (1), and 1:320 (2). The ANA patterns included speckled, homogeneous, atypical speckled, and nucleolar. Seven of these eight ANA positive subjects (four female, four male) were adolescents aged 14-20 years. Clinical investigation by a specialist immunologist and further autoimmune serology testing (double stranded DNA, extractable nuclear antigen, and complement concentrations) failed to identify any further evidence of autoimmune disease at the time of testing.
Six athletes (15%) reported a history of inadequate sleep. Four of these were shift workers. Nine athletes (23%) gave a history consistent with respiratory disease. Three were well controlled asthmatics and required no further advice or treatment. Respiratory function testing before and after exercise led to a new diagnosis of exercise induced asthma in three athletes, two of whom were known asthmatics.
Upper airway dysfunction was found in two of the athletes thought previously to have asthma. Specialist investigations of identified psychological factors or nutritional status were not required in this cohort.
DISCUSSION
There was clinical evidence of at least one or more medical conditions with the potential to cause fatigue or contribute to infection risk in 68% of the athletes. They were multifactorial, with no consistent pattern for the overall group. Evidence of chronic unresolved infection or humoral immune deficiencies, which have the potential to leave a subject at risk of infection, were the most common findings. The most important outcome of this study was that all identified conditions were treatable.
Previous studies have suggested that intense exercise is associated with immune suppression, which leaves an athlete susceptible to infections. 6 13 14 These infections in turn may contribute to fatigue and cause poor performance or an inability to train at an effective level. 15 16 A retrospective study of the incidence of URTI in elite swimmers at the Australian Institute of Sport 2 found an incidence of 2.7 episodes a year, similar to that in the general Australian population. 3 However, the number of athletes in our study with episodes of recurrent URTI (55%) exceeded the Australian average, indicating that infections are an important cause of morbidity in elite athletes. Only three subjects (8%) reported no decline in performance level, suggesting an association between recurrent infections and performance decrement. This lends further support to previous studies showing an association between poor performance and URTI before competition. 16 The most common finding was humoral immune deficiencies, particularly IgG3 deficiency. This subclass deficiency is associated with susceptibility to viral URTIs 17 and may explain the finding of unresolved viral infections in an appreciable number of these athletes (27%). Viral illness as a cause of long term fatigue often goes undetected unless specific investigations for IgM seropositivity are requested. In addition, eight of 37 athletes tested (22%) were actively secreting EBV into their saliva at the time of testing. The detection of EBV shedding suggests immune dysregulation of the cytotoxic T cells 18 and may contribute to the symptoms of URTI experienced by these athletes. EBV reactivation has recently been established in swimmers engaged in intensive training, and is thought to result from exercise induced alterations in the immune mechanisms responsible for controlling viral reactivation. 9 The finding of hypoglycaemia in 10 athletes was unexpected, as they were non-fasting and generally well informed of the need to replenish glucose stores after intense exercise. Hypoglycaemia per se is known to have detrimental effects on the immune system; it has the potential to contribute to fatigue through neuroendocrine dysregulation and may have associated increased risks of infections. 19 It is known that consuming carbohydrate during exercise attenuates rises in stress hormones, such as cortisol, and appears to limit the degree of exercise induced immunosuppression, at least for non-fatiguing bouts of exercise. 19 Counselling athletes on the use of carbohydrates in the recovery period after exercise has the potential to correct the hypoglycaemia.
The finding of ANAs in the serum of 21% of the athletes was surprising, considering the young age of most of them. The seroprevalence of ANAs in the normal Australian population is 5-10% and increases with age. 20 Two other studies have reported on the incidence of ANA positivity in athletes. 21 22 A study of a group of adolescent athletes showed no increase in the incidence of ANAs, 22 but an increased seroprevalence was reported in a group of weight lifters. 21 The cause of the low titre ANAs in our study without other Values in parentheses are percentage of athletes studied (n = 41).
evidence of autoimmune disease can only be speculated on, but may be related to exercise induced tissue damage unmasking antigens associated with underlying autoimmune diatheses in the face of exercise induced immune dysregulation. As there was no clinical evidence of autoimmune disease, the possibility of contributing to a cause of fatigue could not be evaluated. Asthma, either undiagnosed or poorly managed, can affect the overall wellbeing of athletes. Three new cases of exercise induced asthma were diagnosed, two in known asthmatics, allowing specific advice and treatment to be offered. Two cases of upper airway dysfunction were diagnosed in athletes previously thought to have asthma. Vocal cord dysfunction is the term given to the paradoxical movement of the true or false cords during respiration 23 and is an important differential diagnosis to make in athletes experiencing respiratory symptoms, especially those not responding to conventional asthma treatments. Stress management and the intervention of a skilled speech pathologist can be extremely helpful in these athletes. The study highlights the need for comprehensive testing of pulmonary function with exercise in athletes with respiratory symptoms. We assessed how well athletes with identified allergic disease understood their symptoms and the potential causes and how these were currently being managed. Education and advice on specific allergen minimisation or avoidance was discussed. Symptoms of rhinoconjunctivitis were treated with a nasal steroid.
CONCLUSIONS
The results of this study indicate that medical conditions, in particular unresolved viral infections and parameters of immune suppression, may cause or contribute to fatigue and recurrent infections and subsequent poor performance in competitive athletes. As the conditions are multifactorial, a thorough medical examination and appropriate investigations are paramount in the initial assessment of an athlete presenting with these persisting complaints. The design of management strategies requires a clear understanding of the individual athlete's underlying medical conditions and expectations. The investigation of chronic unresolved viral infections does not form part of a routine clinical assessment of infection in elite athletes but may be worth considering in those athletes who are experiencing persistent fatigue and poor performance.
Take home message N Athletes with recurrent infections and chronic fatigue which affect their training and performance may benefit from a more extensive medical examination and investigations to identify underlying reversible medical conditions. N Investigations to identify unresolved viral infections are warranted in these competitive athletes.
